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(Translation) 
[Name of the Document] Specification 

[Title of the Invention] LIQUID CRYSTAL DISPLAY DEVICE 
DRIVING METHOD 
[Claims ] 

[Claim 1] A liquid crystal display device driving 
method for driving a liquid crystal display device by supply- 
5 ing image data to be written into each pixel of the liquid 
crystal display device to the liquid crystal display device a 
plurality of times in one vertical synchronization interval, 
comprising the step of : 

obtaining the whole image data supplied the plurality of 

10 times in one vertical synchronization interval on the basis 
of a data value of an image signal in a previous vertical 
synchronization interval and a data value of an image signal 
in a current vertical synchronization interval . 

[Claim 2] A liquid crystal display device driving 

15 method for driving a liquid crystal display device by supply- 
ing image data to be written into each pixel of the liquid 
crystal display device to the liquid crystal display device a 
plurality of times in one vertical synchronization interval, 
comprising the step of: 

20 obtaining image data supplied at least at a first time 

out of the image data supplied the plurality of times in one 
vertical synchronization interval on the basis of a data 
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value of an image signal in a previous vertical synchroniza- 
tion interval and a data value of an image signal in a cur- 
rent vertical synchronization interval. 

[Claim 3] A liquid crystal display device driving 
5 method claimed in claim 2 , wherein the image data supplied at 
second and subsequent times out of the image data supplied 
the plurality of times in one vertical synchronization inter- 
val is provided by image data that has a value identical to 
the data value of the image signal in the vertical synchroni- 
10 zation. 

[Claim 4] A liquid crystal display device driving 
method as claimed in claim 2 , wherein 

the image data supplied at second and subsequent 
times out of the image data supplied the plurality of times 
in one vertical synchronization interval is provided by image 
data that has a specified value intermediate between the data 
value of the image signal in the previous vertical 
synchronization interval and the data value of the image 
signal in the current vertical synchronization interval. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a liquid crystal 
display device driving method for improving the display 
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quality of dynamic images (moving images). 
[0002] 
[Prior Art] 

In recent years, the liquid crystal display that employs 
a matrix type liquid crystal display device has a spreading 
market in a variety of commercial fields as a display device 
for a television set inclusive of OA (Office Automation) 
5 equipment taking advantage of its features of a thin configu- 
ration light weight and low consumption of power. According 
to this trend, the liquid crystal display is used for dis- 
playing not only characters and pictures but also dynamic im- 
ages such as images based on a television signal and a video 

10 signal. However, in the present circumstances, the liquid 
crystal display cannot obtain vivid images in displaying dy- 
namic images in comparison with the CRT (Cathode Ray Tube) 
type display. The liquid crystals employed in the liquid 
crystal display have a slower response speed with regard to 

15 its transmittance to the applied voltage and a poor charge 
characteristic in compliance with the change in permittivity 
of the liquid crystals and are accordingly unable to suffi- 
ciently respond to rapid changes in the image signal. 



regard to the dynamic image display. National Publication of 
the Translation No. No. HE I 8-500915 turns on the backlight 



[0003] 



20 



In order to improve the aforementioned drawbacks with 
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illumination for displaying the image written in the liquid 
crystal display device only in a part of time for display and 
is provided with a dark period with the backlight illumina- 
tion turned off in the remaining part of time. By so doing, 
5 the image is visually perceived as if it moved smoothly, im- 
proving the dynamic image display. 
[0004] 

The transmittance of liquid crystals changes as a conse- 
quence of the change in the orientation of liquid crystal 

10 molecules due to the written (applied) voltage. However, the 
permittivity also changes when the orientation of the liquid 
crystal molecules change, and the value of the applied volt- 
age accordingly changes due to the change in the permittiv- 
ity. Therefore, in order to obtain a specified transmittance, 

15 it is required to repetitively supply the voltage during sev- 
eral vertical synchronization intervals, and the liquid crys- 
tals are to have a step characteristic. As a method for 
improving the reduction in the response speed of liquid crys- 
tals due to this step response characteristic, Japanese Pat- 

20 ent Laid-Open Publication No. HE I 6-62355 discloses the 
improvement in the step response characteristic of liquid 
crystals by superimposing a difference component by compari- 
son with the previous image signal. 
[0005] 

25 [Problems to be Solved by the Invention] 
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However, the aforementioned conventional method for im- 
proving the drawback of dynamic image display has the prob- 
lems as follows. That is, in the case of National Publication 
of the Translation No. HE I 8-500915 in which the backlight 
5 illumination is turned on only in a part of time, there is a 
problem that the image becomes dark as a consequence of the 
reduction in illuminance of the liquid crystal display device 
due to the occurrence of a period during which the backlight 
is turned off. Moreover, there is another problem that the 
10 image signal of the previous frame is visually superimposed 
since the response speed of the liquid crystals is not im- 
proved, resulting in a double or triple vision. 
[0006] 

In the case of Japanese Patent Laid-Open Publication No. 
HE I 6-62355 in which the component of difference with respect 
to the previous image signal is superimposed in repetitively 
supplying the voltage during several vertical synchronization 
intervals, the response characteristic of the liquid crystals 
is utterly insufficient for display within one vertical 
synchronization interval. Even if the illumination is 
darkened during a part of the period as in the case of, for 
example. National Publication of the Translation No. No. HE I 
8-500915, there is a problem that the period during which the 
change in the liquid crystals is insufficient is 
disadvantageously displayed. Moreover, it is required to 
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increase the value of the voltage to be superimposed in order 
to make the liquid crystals have a rapid response, in this 
case the transmittance becomes larger than the intended 
transmit tance. Accordingly, there arises the need for 
restoring the transmittance in the next one vertical 
synchronization interval, and this consequently leads to a 
reverse step response, causing a problem that the response 
characteristic is not improved. 
[0007] 

Accordingly, the object of the present invention is to 
provide a liquid crystal display device driving method 
capable of improving the response characteristic of liquid 
crystals and further improving the display quality of dynamic 
images . 

[0008] 

[Means for Solving the Problems] 

In order to achieve the above object, according to the 
first aspect of the invention, there is provided a liquid 
crystal display device driving method for driving a liquid 
crystal display device by supplying image data to be written 
into each pixel of the liquid crystal display device to the 
liquid crystal display device a plurality of times in one 
vertical synchronization interval, comprising the step of: 
obtaining the whole image data supplied the plurality of 
times in one vertical synchronization interval on the basis 




6 



0^fication Number: 2000-235633 

of a data value of an image signal in a previous vertical 
synchronization interval and a data value of an image signal 
in a current vertical synchronization interval. 
[0009] 

According to the above-mentioned construction, the image 
data obtained on the basis of the data value of the image 
signal in the previous vertical synchronization interval and 
the data value of the image signal in the current vertical 
synchronization interval is supplied the plurality of times 
within one vertical synchronization interval and written into 
each pixel. Therefore, for example, when the data value of 
the current image signal is greater than the data value of 
the previous image signal, by supplying image data of a value 
greater than the data value of the current image signal to 
the liquid crystal display device, the response 
characteristic of the light transmittance of the liquid 
crystals is improved in comparison with the case where the 
image data of the value identical to the data value of the 
current image signal is supplied repetitively a plurality of 
times once per vertical synchronization interval. Moreover, 
the rise of the light transmittance of the liquid crystals is 
improved in comparison with the case where the image data of 
the value greater than the data value of the current image 
signal is supplied only once per vertical synchronization 
interval . 
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[0010] 



Also, according to the second aspect of the invention, 
there is provided a liquid crystal display device driving 
method for driving a liquid crystal display device by supply- 
5 ing image data to be written into each pixel of the liquid 
crystal display device to the liquid crystal display device a 
plurality of times in one vertical synchronization interval, 
comprising the step of: obtaining image data supplied at 
least at a first time out of the image data supplied the plu- 
10 rality of times in one vertical synchronization interval on 
the basis of a data value of an image signal in a previous 
vertical synchronization interval and a data value of an im- 
age signal in a current vertical synchronization interval. 



data supplied at least at a first time out of the image data 
supplied the plurality of times in one vertical synchroniza- 
tion interval to the liquid crystal display device is ob- 
tained on the basis of the data value of the image signal ill 

20 the previous vertical synchronization interval and the data 
value of the image signal in the current vertical synchroni- 
zation interval. Therefore, for example, when the data value 
of the current image signal is greater than the data value of 
the previous image signal, by supplying image data of a value 

25 greater than the data value of the current image signal at a 



[0011] 



15 



According to the above-mentioned construction, the image 
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first time, the response characteristic of the light trans - 
mittance of the liquid crystals is improved in comparison 
with the case where the image data of the value identical to 
the data value of the current image signal is supplied re- 
5 petitively a plurality of times in one vertical synchroniza- 
tion interval or in the case where the image data of the 
value greater than the data value of the current image signal 
is supplied only once per vertical synchronization interval. 
[0012] 

10 In the driving method according to the second aspect of 

the invention, the image data supplied at second and subse- 
quent times out of the image data supplied the plurality of 
times in one vertical synchronization interval is provided by 
image data that has a value identical to the data value of 

15 the image signal in the vertical synchronization interval. 
[0013] 

According to the second aspect of the invention, the im- 
age data supplied at second and subsequent times out of the 
image data supplied the plurality of times in one vertical 
20 synchronization interval is provided by image data that has a 
value identical to the data value of the image signal in the 
vertical synchronization Interval. Therefore, by appropri- 
ately setting the image data supplied at a first time, the 
time for the attainment of the target light transmittance of 
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the liquid crystals is shortened. Therefore, the dynamic im- 
age display quality is further improved. 
[0014] 

In the driving method according to the second aspect of 
5 invention, the image data supplied at second and subsequent 
times out of the image data supplied the plurality of times 
in one vertical synchronization interval is provided by image 
data that has a specified value intermediate between the data 
value of the image signal in the previous vertical Asynchro- 
10 nization interval and the data value of the image signal in 
the current vertical synchronization interval. 
[0015] 

According to the above-mentioned construction, the image 
data supplied at second and subsequent times out of the image 
data supplied the plurality of times in one vertical 
synchronization interval is provided by image data that has a 
specified value intermediate between the data value of the 
image signal in the previous vertical synchronization 
interval and the data value of the image signal in the 
current vertical synchronization interval. Therefore, by 
appropriately setting the image data supplied at a first time 
and the image data supplied at second and subsequent times , 
the rise of the light transmittance of the liquid crystals is 
improved, and the target light transmittance is attained 
within one vertical synchronization interval. 
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[Embodiments of the Invention] 

The present invention will be described in detail below 
on the basis of the embodiments thereof shown in the draw- 
ings . 

( First Embodiment ) 
5 Fig. 1 is a block diagram of a drive circuit for materi- 

alizing the liquid crystal display device driving method of 
the present embodiment. Digital image signals for R, G and B 
of pixels sequentially read from video equipment or the like 
are inputted as input image signals to a first frame memory 
10 1, a second frame memory 2 and a third frame memory 3. Fig. 2 
shows the write operational signals of the frame memories 1 , 
2 and 3. Fig. 3 shows the read operation signals of the frame 
memories 1, 2 and 3. In Figs. 2 and 3, the reference charac- 
ters "A" , "B" , " C " , " D " , " Y " and " Z " show the image data 
15 written in the frame memories 1, 2 and 3. 
[0017] 

In the present embodiment, as is apparent from Figs. 2 
and 3, while the image data inputted to any one of the first 
franc memory 1, the second frame memory 2 and the third frame 
20 memory 3 is being written, image data are read repetitively 
two times in one vertical synchronization interval from the 
remaining two memories. When one vertical synchronization in- 
terval of the inputted image signal thus ends, the first 
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frame memory 1 in which image data A has been written becomes 
a read frame memory in the next one vertical synchronization 
interval, and the next image data B is written in the differ- 
ent second frame memory 2. Subsequently, this operation will 
5 be sequentially repeated, consistently, with one frame memory 
used for image data write and with the remaining two frame 
memories used for image data read. Thus, the two pieces of 
image data read from the two frame memories are transferred 
to an arithmetic unit 4 . 

10 [0018] 

The arithmetic unit 4, which has a look-up table, refers 
to the look-up table on the basis of the data values (voltage 
values) of the image signals inputted from the two frame 
memories and transfers an image signal constituted of the ob- 

15 tained data value (voltage value) to a liquid crystal display 
device 5. It is to be noted that the voltage of the data 
value is applied to the pixel electrode (not shown) of the 
desired pixel by the image signal thus transferred to the 
liquid crystal display device 5 although no detailed descrip- 

20 tion is provided. Then, the orientation of the liquid crystal 
molecules is changed by the applied voltage to change the 
light transmittance , displaying the pixel. 
[0019] 

Fig. 4 shows one example of the look-up table. As for 
25 this look-up table, in a position of intersection of the data 
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value of the previous image signal and the data value of the 
current image signal, a data value of a value greater than 
the data value of the current image signal is written when 
the data value of the current image signal is greater than 
5 the data value of the previous image signal, a data value of 
a value smaller than the data value of the current image sig- 
nal is written when the data value of the current image sig- 
nal is smaller than the data value of the previous image 
signal, and the data value of the current image signal is 
10 written when the data value of the previous image signal and 
the data value of the current image signal are equal to each 
other. 

[0020] 

Therefore, upon receiving image data A from the first 
15 frame memory 1 and image data Z from the third frame memory 
3, the arithmetic unit 4 transfers the data value of the 
value greater than the data value A of the current image sig- 
nal to the liquid crystal display device 5 when the data 
value A of the current image signal is greater than the data 
20 value Z of the previous image signal. When the data value A 
of the current image signal is smaller than the data value Z 
of the previous image signal the data value of the value 
smaller than the data value A of the current image signal is 
transferred to the liquid crystal display device 5. When the 
25 data value Z of the previous image signal and the data value 
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A of the current image signal are equal to each other, the 
data value A of the current image signal is transferred to 
the liquid crystal display device 5. 
[0021] 

5 Fig. 5 shows the data value (voltage value) of the image 

signal that is inputted to the liquid crystal display device 
5 and applied to the pixel electrode of the desired pixel and 
the change of light transmittance dependent on time. It is to 
be noted that the vertical axis represents a relative inten- 

10 sity. =n Fig. 5, the reference character (a) represents a 
(target) data value to be written, the reference character 
(b) represents the data value inputted from the arithmetic 
unit 4, and the reference character (c) represents the light 
transmittance of the display pixel in the liquid crystal dis- 

15 play device 5. When the image signal inputted to the arithme- 
tic unit 4 changes from small image data to large image data, 
as shown in Fig. 5, the data value (b) of the value greater 
than the data value (a) to be written is inputted to the liq- 
uid crystal display device 5 repetitively two times in one 

20 vertical synchronization interval. In the above case, it can 
be understood that the step response of the light transmit- 
tance (c) of the display pixel is improved in comparison with 
the case where the data value (b) of the same value as the 
target data value (a) is repetitively inputted three times 

25 once per vertical synchronization interval, as shown in Fig. 
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6. 

[0022] 

Fig. 7 shows quite the same data values (a) and (b) as 
those shown in Fig. 5, where the frequency of inputting of 
5 the data value (b) is one. In this case, it can be understood 
that the inclination of the rise of the light transmittance 
(c) of the display pixel is worse than in the case shown in 
Fig. 5, and this indicates that the repetitive input of the 
data value (b) is effective fort the improvement of the rise 
10 of the light transmittance (c) of the liquid crystal display 
device 5 . 

[0023] 

As described above, the present embodiment has the 
first, second and third frame memories 1, 2 and 3 in which 

15 the input image signal is written, while the image data is 
written into any one of the frame memories image data are 
read repetitively two times in one vertical synchronization 
interval from the remaining two frame memories and trans- 
ferred to the arithmetic unit 4 . This operation is executed 

20 with the frame memories sequentially changed. Then, the 
arithmetic unit 4 refers to the look-up table on the basis of 
the data values of the image signals inputted from the two 
input frame memories and transfers to the liquid crystal dis- 
play device 5, for example, the data value of the value 

25 greater than the data value A of the current image signal 
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when the data value A of the current image signal from the 
first frame memory 1 is greater than the data value Z of the 
previous image signal from the third frame memory 3, the data 
value smaller than the data value A when the data value A is 
5 smaller than the data value Z and the data value A of the 
current image signal when the data value A is equal to the 
data value Z . 
[0024] 

Therefore, when the image signal inputted to the arith- 
10 metic unit 4 changes from small image data to large image 
data, as shown in Fig. 5, the data value (b) of the value 
greater than the target data value (a) is inputted to the 
liquid crystal display device 5 repetitively two times in one 
vertical synchronization interval. As a result, the response 
15 characteristic of the light transmittance (c) of the liquid 
crystals is improved in comparison with the case where the 
data value (b) of the same value as the target data value (a) 
is repetitively inputted three times once per vertical syn- 
chronization interval, as shown in Fig. 6. Moreover, the 
20 rise of the light transmittance (c) of the liquid crystals is 
improved in comparison with the case where the frequency of 
inputting of the data value (b) is one, as show in Fig. 7. 
[0025] 

That is , the present embodiment enables the improvement 
25 of the response characteristic of the liquid crystal display 
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device 5, the attainment of the transmittance corresponding 
to the input image signal in a short period, the achievement 
of high-speed image display and the improvement of the dy- 
namic image display quality. 



Although the read from the frame memories 1, 2 and 3 is 
executed repetitively two times in one vertical synchroniza- 
tion interval of the image input signal in the aforementioned 
embodiment, the frequency of repetition is not limited to 

10 two. The step response characteristic of the liquid crystal 
display device 5 is more improved as the frequency of repeti- 
tion increases, enabling higher-speed image display. However, 
in the above case, it is required to improve the abilities of 
the iiquid crystal drive elements and the like so that the 

15 liquid crystals are charged with electric charges in a short 
period . 



Moreover, in the aforementioned embodiment, the arithme- 
tic unit 4 adopts the look-up table system in which the data 

20 value outputted to the liquid crystal display device 5 is ob- 
tained by referring to the look-up table on the basis of the 
two pieces of image data transferred from the two frame memo- 
ries. However, it is not always required to adopt the look-up 
table system. According to another method, an arithmetic cir- 

25 cuit for executing the operation of, for example, TVA+ (A- Z) 



5 



[0026] 



[0027] 
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x a" or the like based on the data value A of the current im- 
age signal and the data value z of the previous image signal 
is mounted on the arithmetic unit. Then, an output from the 
arithmetic circuit may be outputted as a new image signal to 
5 the liquid crystal display device 5 . 
[0028] 

(Second Embodiment) 

Fig. 8 is a block diagram of a drive circuit for materi- 
alizing the liquid crystal display device driving method of 
10 the present embodiment. A first frame memory 11, a second 
frame memory 12, a third frame memory 13 and a liquid crystal 
display device 15 have the same constructions as those of the 
first frame memory 1, the second frame memory 2, the third 
frame memory 3 and the liquid crystal display device 5, re- 
15 spectively, shown in Fig. 1. 
[0029] 

The arithmetic unit 4 of the first embodiment outputs 
the data value obtained by referring to the look-up table two 
times out of the data values outputted two times in one ver- 

20 tical synchronization interval. In contrast to this, the 
arithmetic unit 14 of the present embodiment: outputs a data 
value obtained by referring to the look-up table with regard 
to a first -time data value out of the data values outputted 
two times in one vertical synchronization interval, similarly 

25 to the first embodiment. However, with regard to a second- 
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time data value, the data value of the current Image signal 
out of the image signals inputted from the two frame memories 
is outputted. 
[0030] 

5 Fig. 9 shows the data value of the image signal inputted 

to the liquid crystal display device 15 and the change of 
light transmittance dependent on time. In Fig. 9, the refer- 
ence character (a) represents a target data value, the refer- 7 
ence character (b) represents a data value inputted from the 

10 arithmetic unit 14, and the reference character (c) repre- 
sents the light transmittance of the display pixel; When the 
image signal inputted to the arithmetic unit 14 changes from 
small image data to large image data, as shown in Fig. 9, a 
data value (bl) Of a value greater than the target data value 

15 (a) is inputted to the liquid crystal display device 15 once 
in the first half of one vertical synchronization interval. 
Next, a data value (b2) Of the current image signal, i.e., 
the target data value (a) is inputted once in the latter half 
of the same vertical synchronization interval. 

20 [0031] 

In the above case, the response characteristic of the 
light transmittance (c) can be improved in comparison with 
the case where the data value (b) of the same value as the 
target data value (a) is repetitively inputted three times 

25 once per vertical synchronization interval as shown in Fig. 
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6. Moreover, the rise of the light transmit tance (c) can be 
improved in comparison with the case where the frequency of 
inputting of the data value (b) is one, as shown in Fig. 7. 
Furthermore, as shown in Fig. 9, by setting the data value 
5 (bl) inputted at a first time to an appropriate value 
slightly higher than the data value (b) inputted at a first 
time in the first embodiment shown in Fig. 5, the time for 
the attainment of the target data value (a) can be made 
shorter than in the case of the first embodiment. 

10 [0032] 

As described above, in the present embodiment, the 
arithmetic unit 14 refers to the look-up table on the basis 
of the data values of the image signals inputted from the two 
input franc memories and outputs the first -time data value in 

15 the first half of one vertical synchronization interval to 
the liquid crystal display device 15. On the other hand, with 
regard to the second time data value in the latter half of 
the same vertical synchronization interval, the data value of 
the current image signal out of the data values inputted from 

20 the two input frame memories is output ted to the liquid crys- 
tal display device 15. 
[0033] 

Therefore, by setting the data value (bl) inputted at a 
first time to an appropriate value slightly higher than the 
25 data value (b) inputted at a first time in the first embodi- 
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ment, the time for the attainment of the target data value 
(a) can be made shorter than in the case of the first embodi- 
ment, and the dynamic image display quality can further be 
improved ♦ 
5 [0034] 

It is to be noted that the frequency of repetition of 
read from each of the frame memories 11 through 13 is, of 
course, not limited to two in the case of the present embodi- 
ment, similarly to the case of the first embodiment. The step 

10 response characteristic of the liquid crystal display device 
15 is more improved as the frequency of repetition increases, 
enabling higher-speed image display. However, in the above 
case, it is required to improve the abilities of the liquid 
crystal drive elements and the like so that the liquid crys- 

15 tals are charged with electric charges in a short period. The 
operation of the arithmetic unit 14 is not required to con- 
form to the lookup table system, h arithmetic circuit for 
executing the operation of, for example, "A + (A - Z) X a" 
or the like based on the data value A of the current image 

20 signal and the data value Z of the previous image signal may 
be mounted on the arithmetic unit . 
[0035] 

Furthermore, when the display operation is repeated two 
times in one vertical synchronization interval, a FIFO 
25 (First-In First-Out) memory whose input and output are asyn- 




21 



.^^carion Number: 2000-235633 

chronous can be employed in place of the first, second and 
third frame memories 11, 12 and 13 of Fig. 8. In the above 
case, as shown in Fig. 10, a first FIFO memory 21 and a sec- 
ond FIFO memory 22 are connected in series, and an output 
5 from the first FIFO memory 21 and an output from the second 
FIFO memory 22 are inputted to an arithmetic unit 23. It is 
to be noted that the arithmetic unit 23 and the liquid crys- 
tal display device 24 have the same constructions as those of 
the arithmetic unit 4 and the liquid crystal display device 
10 5, respectively, of Fig. 
1. 

[0036] 

Fig. 11 shows the write operation signals of the FIFO 
memories 21 and 22. Fig. 12 shows the read operation signals 
15 of the FIFO memories 21 and 22. In Figs. 11 and 12, each of 
the reference characters "A", "B", "C" , "D" , "Y" , and "z" 
shows the image data written in the FIFO memories 21 and 22. 
[0037] 

As is apparent from Figs. 11 and 12, the image data are 
20 sequentially written in the first FIFO memory 21 every one 
vertical synchronization interval. Then, image data are read 
at a speed two times the write speed and transferred to the 
arithmetic unit 23 and the second FIFO memory 22. Therefore, 
the write image data of the second FIFO memory 22 in Fig. 11 
25 arid the read image data of the first FIFO memory 21 in Fig. 



t 
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12 are the same. In the second FIFO memory 22, the write and 
read operations are executed at the same speed ( speed twice 
per vertical synchronization interval) as the read speed of 
the first FIFO memory 21. As a result, the same image data as 
5 the image data outputted from the first FIFO memory 21 is 
output ted from the second FIFO memory 22 with a delay of one 
image period . 
[0038] 

Therefore, the image data of the same value are inputted 
10 to the arithmetic unit 23 alternately from the first FIFO 
memory 21 and the second FIFO memory 22. As, a result, in 
Fig. 12, the arithmetic unit 23 refers to the look-up table 
by combining the first -time data value A out of the same data 
values A and A inputted repetitively two times from the first 
15 FIFO memory 21 with the data value Z of the previous image 
signal and outputs a data value corresponding to the magni- 
tude of the data value A with respect to the data value Z to 
the liquid crystal display device 24. With regard to the sec- 
ond-time data value A, the look-up table is referred to in 
20 combination with the same data value A (data value of the 
previous image signal), and the data value A of the current 
image signal is outputted to the liquid crystal display de- 
vice 24. 

[0039] 
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That is, according to the construction of Fig. 10, the 
same display operation as the construction of Fig. 8 can be 
achieved by the two memories . This arrangement enables the 
reduction of memory capacity for storing the image, the sim- 
5 plif ication of the drive circuit and cost reduction. 
[0040] 

(Third Embodiment) 

Fig. 13 is a block diagram of a drive circuit for mate- 
rializing the liquid crystal display device driving method of 
10 the present embodiment. A first frame memory 31, a second 
frame memory 32, a third frame memory 33 and a liquid crystal 
display device 35 have the same constructions as those of the 
first frame memory 1, the second frame memory 2, the third 
frame memory 3 and the liquid crystal display device 5, re- 
15 spectively, shown in Fig. 1. 
[0041] 

The arithmetic unit 4 of the first embodiment outputs 
the data value obtained by referring to the look-up table two 
times out of the data values outputted two times in one ver- 

20 tical synchronization interval. In contrast to this, the 
arithmetic unit 34 of the present embodiment outputs a data 
value obtained by referring to the look-up table with regard 
to a first -time data value out of the data values outputted 
two times in one vertical synchronization interval, similarly 

25 to the first embodiment. However, with regard to the second - 
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time data value, a new image signal that has a value interme- 
diate between the values of data inputted from the two frame 
memories (i.e., a value intermediate between the data value 
of the current image signal and the data value of the previ- 
5 ous image signal) to a liquid crystal display device 35. 
[0042] 

Fig. 14 shows the data value of the image signal input- 
ted to the liquid crystal display device 35 and the change of 
light transmittance dependent on time. In Fig. 14, the refer- 

10 ence character (a) represents a target data value, the refer- 
ence character (b) represents a data value inputted from the 
arithmetic unit 34, and the reference character (c) repre- 
sents the light transmittance of the display pixel. When the 
image signal inputted to the arithmetic unit 34 changes from 

15 small image data to large image data, as shown in Fig. 14, a 
data value (b 3 ) of a value greater than the target data value 
(a) is inputted to the liquid crystal display device 35 once 
in the first half of one vertical synchronization interval. 
Next, a data value (b 4 ) Of a value, which is smaller than the 

20 data value (i.e., the target data value ( a ) ) of the current 
image signal and is greater than the data value of the previ- 
ous image signal, is inputted once in the latter half of the 
same vertical synchronization interval. 
[0043] 
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In this case, as shown in Fig. 14, the light transmit - 
tance (c) of the display pixel, which once becomes greater 
than the target transmittance , returns to the intended trans - 
mittance within one vertical synchronization interval. There- 
5 fore, the quantity of light integrated as a result 
compensates for the insufficient quantity of light at the 
time of liquid crystal response. 

[0044] 

Also, in the case of the present embodiment, the step 
10 response characteristic of the light transmittance (c) can be 
improved in comparison with the case where the data value (b) 
of the same value as the target data value (a) is repeti- 
tively inputted three times once per vertical synchronization 
interval, as shown in Fig. 6. Moreover, the rise of the light 
15 transmittance (c) can be improved in comparison with the case 
where the frequency of inputting of the data value (b) is 
one , as shown in Fig . 7 . 
[0045] 

It is to be noted that the frequency of repetition of 
20 read from each of the frame memories 31 through 33 is, of 
course, not limited to two in the case of the present embodi- 
ment, similarly to the case of the first embodiment. The step 
response characteristic of the liquid crystal display device 
35 is more improved as the frequency of repetition increases, 
25 enabling higher -speed image display. However, in the above 
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case, it is required to improve the abilities of the liquid 
crystal drive elements and the like so that the liquid crys- 
tals are charged with electric charges in a short period. The 
operation of the arithmetic unit 34 is not required to con- 
form to the look-up table system. An arithmetic circuit for 
executing the operation of, for example, "A + (A - Z) X a " 
or the like based on the data value A of the current image 
signal and the data value Z of the previous image signal may 
be mounted on the arithmetic unit . 
[0046] 

[Effects of the Invention] 

As is clearly understood from the above, the liquid 
crystal display device driving method according to the first 
aspect of the invention includes the step of: obtaining the 
image data to be written into each pixel of the liquid 
crystal display device on the basis of a data value of an 
image signal in a previous vertical synchronization interval 
and a data value of an image signal in a current vertical 
synchronization interval, and supplying the image data a 
plurality of times in one vertical synchronization interval. 
Therefore, for example, when the data value of the current 
image signal is greater than the data value of the previous 
image signal, by supplying image data of a value greater than 
the data value of the current image signal to the liquid 
crystal display device, the response characteristic of the 
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light transmittance of the liquid crystals is improved in 
comparison with the case where the image data of the value 
identical to the data value of the current image signal is 
supplied repetitively a plurality of times once per vertical 
synchronization interval. Moreover, the rise of the light 
transmittance of the liquid crystals is improved in 
comparison with the case where the image data of the value 
greater than the data value of the current image signal is 
supplied only once per vertical synchronization interval, 
[0047] 

The above-mentioned effects can also be obtained in the 
case where the data value of the current image signal is 
smaller than or equal to the data value of the previous image 
signal. That is, according to the invention, the time for 
the attainment of the target light transmittance correspond- 
ing to the input image signal is shortened and high-speed 
display is attained. Therefore, the dynamic image display 
quality is further improved, 

[0048] 

Also, according to the second aspect of the invention, 
there is provided a liquid crystal display device driving 
method for driving a liquid crystal display device by supply- 
ing image data to be written into each pixel of the liquid 
crystal display device to the liquid crystal display device a 
plurality of times in one vertical synchronization interval. 
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including the step of : obtaining image data supplied at least 
at a first time out of the image data supplied the plurality 
of times in one vertical synchronization interval on the ba- 
sis of a data value of an image signal in a previous vertical 
5 synchronization interval and a data value of an image signal 
in a current vertical synchronization interval . Therefore , 
for example, when the data value of the current image signal 
is greater than the data value of the previous image signal, 
by supplying image data of a value greater than the data 

10 value of the current image signal at a first time, the re- 
sponse characteristic of the light transmittance of the liq- 
uid crystals is improved in comparison with the case where 
the image data of the value identical to the data value of 
the current image signal is supplied repetitively a plurality 

15 of times in one vertical synchronization interval or in the 
case where the image data of the value greater than the data 
value of the current image signal is supplied only once per 
vertical synchronization interval. 
[0049] 

20 The above-mentioned effect can also be obtained in the 

case where the data value of the current image signal is 
smaller than or equal to the data value of the previous image 
signal. That is, according to the invention, the time for 
the attainment of the target light transmittance correspond- 

25 ing to the input image signal is shortened and high-speed 
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display is attained. Therefore, the dynamic image display 
quality is further improved. 
[0050] 

In the driving method according to the second aspect of 
the invention, if the image data supplied at second and sub- 
sequent times out of the image data supplied the plurality of 
times in one vertical synchronization interval is provided by 
image data that has a value identical to the data value of 
the image signal in the vertical synchronization interval. 
Therefore, by appropriately setting the image data supplied 
at a first time, the time for the attainment of the target 
light transmittance of the liquid crystals is shortened. As a 
result, the dynamic image display quality is further im- 
proved. 

[0051] 

In the driving method according to the second aspect of 
invention, the image data supplied at second and subsequent 
times out of the image data supplied the plurality of times 
in one vertical synchronization interval is provided by image 
data that has a specified value intermediate between the data 
value of the image signal in the previous vertical 
synchronization interval and the data value of the image 
signal in the current vertical synchronization interval. 
Therefore, by appropriately setting the image data supplied 
at a first time and the image data supplied at second and 
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subsequent times, the rise of the light transmittance of the 
liquid crystals is improved, and the target light 
transmittance is attained within one vertical synchronization 
interval, 

[Brief Description of the Drawings] 

[FIG. 1] A block diagram of a drive circuit for 
materializing the liquid crystal display device driving 
method of the present invention. 

[FIG. 2] A graph showing the write operation signals of 
the frame memories of Fig. 1. 

[Fig. 3] A graph showing the read operation signals of 
the frame memories of Fig. 1. 

[Fig. 4] A diagram showing a look-up table of one exam- 
ple . 

[Fig. 5] A graph showing the data value of an image 
signal inputted to the liquid crystal display device of Fig. 
1 and the change of light transmittance dependent on time. 

[Fig. 6] A graph showing the data value and the change 
of light transmittance dependent on time when an identical 
data value is repetitively inputted three times once per ver- 
tical synchronization interval. 

[Fig. 7] A graph showing the data value and the change 
of light transmittance dependent on time when a data value is 
inputted once per vertical synchronization interval. 
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[Fig. 8] A block diagram of a drive circuit different 
from that of Fig. 1. 

[Fig. 9] A graph showing the data value of an image 
signal inputted to the liquid crystal display device of Fig. 
8 and the change of light transmittance dependent on time. 

[Fig. 10] A block diagram of a drive circuit different 
from those of Figs . 1 and 8 . 

[Fig. 11] A graph showing the write operation signals 
of the FIFO memories of Fig. 10. 

[Fig. 12] A graph showing the read operation signals of 
the FIFO memories of Fig. 10. 

[Fig. 13] A block diagram of a drive circuit different 
from those of Figs. 1, 8 and 10. 

[Fig. 14] A graph showing the data value of an image 
signal inputted to the liquid crystal display device of Fig. 
13 and the change of light transmittance dependent on time. 

[Description of the Reference Numerals] 

1, 11, 31 • • * first frame memory 

2, 12, 32 • * * second frame memory 

3, 13, 33 • • * third frame memory 

4, 14, 23, 34* • -arithmetic unit 

5, 15, 24, 35 * * * liquid crystal display device 

21 • • • first FIFO memory 

22 • * * first FIFO memory 
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[Name of the Document] ABSTRACT 
[Abstract ] 

[Problem] Objects of the inventions are to improve the 
step response characteristic for the improvement of the 
dynamic image display quality. 

[Means for Solving the Problem] While image data is 
written into either one of first, second, third frame 
memories 1, 2 and 3, image data are repetitively read two 
tines from the remaining two memories in one vertical 
synchronization interval and transferred to an arithmetic 
unit 4 , and this operation is executed with the frame 
memories changed sequentially. An arithmetic unit 4 refers to 
a look-up table on the basis of two inputted data values and, 
when the data value of the current image signal is greater 
than the data value of the previous image signal, the unit 4 
transfers image data of a value greater than the data value 
of the current image signal to a liquid crystal display 
device 5. Thus, when the image signal inputted to the 
arithmetic unit 4 changes from small image data to large 
image data, the image data of the value greater than the 
target value is inputted to the liquid crystal display device 
5 repetitively two times in one vertical synchronization 
interval, thereby the step response characteristic is 
improved for the improvement of the dynamic image display 
quality . 

[Selected Figure] Fig. 1 



